Background: Although the prevalence of tuberculosis has decreased significantly over the past decades, the certain populations with mental illness are at increased risk for tuberculosis infection and transmission. However, no studies have examined the performance of different laboratory examination methods among people with severe mental illness in China. Methods: In this study, we firstly performed a retrospective study to evaluate the feasibility of three routine laboratory methods, including sputum microscopy, solid culture and GeneXpert, to diagnose tuberculosis patients with mental illness. Results: During August 2010 and March 2013, a total of 251 TB patients based on clinical and radiographic criteria with severe mental illness were enrolled in this study. The majority of patients was homeless (97/251, 38.6%), and the other 62 (24.7%) and 92 (36.7%) were from urban and rural region, respectively. The most frequently diagnosed mental illness was schizophrenia, accounting for 84.1% (211/251) of patients available for analysis. In addition, the laboratory received 753 sputum samples collected from these 251 TB patients, of which 76.0% (572/753) of samples were classified as salivary sputum, which were unqualified for microscopy and culture. When the test results were analyzed by patients, the positive numbers of TB patients detected by sputum microscopy, solid culture and GeneXpert were 3 (1.2%), 5 (2.0%) and 5 (2.0%), respectively. Conclusions: In conclusion, our findings reveal that the current laboratory examinations based on sputum samples seem not to be suitable for the diagnosis of active TB in the persons with severe mental illness. The products using a non-invasive specimen such as urine deserve further evaluation, which may generate benefit for the early diagnosis of TB in this special population.
Background
Tuberculosis, caused by Mycobacterium tuberculosis complex (MTBC), is still a major public health problem worldwide [1, 2] . It is estimated that 9.6 million new tuberculosis cases emerged in 2014, and 1.5 million patients died from TB [1] . Similar to tuberculosis, mental disorders have also become a global challenge [3] [4] [5] . The relationship between tuberculosis and severe mental illness is complex, while the vulnerability factors in people with severe mental illness increase the risk of tuberculosis, including homelessness, poverty, and alcohol/ substance abuse [6] [7] [8] [9] . Hence, it is reasonable to hypothesize that tuberculosis is a relatively common condition among patients with severe mental disorder [6] . The previous reported TB outbreaks in these patients have been challenging the current TB control program [7] , which has paid less attention to this high TB risk group.
China has the third largest number of tuberculosis patients worldwide, with an estimated incidence of 68 per 100,000 populations in 2014 [1] . Although the prevalence of tuberculosis has decreased significantly over the past decades, the certain populations with mental illness are at increased risk for tuberculosis infection and transmission [10] [11] [12] . A number of studies have shown that people with severe mental illness have higher than expected rates of tuberculosis compare with the general population, which serves as an important contributor to the higher mortality [13] . Nevertheless, the management of tuberculosis patients with severe mental illness has been a low priority, and no systematic diagnostic and treatment flow for tuberculosis has been established for this special population in China. Considering people with severe mental disorders may have obvious difficulties in communication and cognitive functioning, the most obvious difficulty for clinicians is how to diagnose the tuberculosis with limited laboratory test results and clinical features. Unfortunately, no studies have examined the performance of different laboratory examination methods among people with severe mental illness in China.
In this study, we performed a retrospective study to evaluate the feasibility of three routine laboratory methods, including sputum microscopy, solid culture and GeneXpert, to diagnose tuberculosis patients with mental illness for the first time. Our aim was to provide evidence for generating appropriate diagnostic scheme for people with mental illness.
Methods

Study participants
We conducted a retrospective study at Changping Hospital of Integrated Chinese and Western Medicine in China on clinically diagnosed TB patients with severe mental illness between August 2010 and March 2013. This hospital was the only public sector psychiatric hospital providing health care service of the clinical diagnosis and treatment of tuberculosis in Beijing. All the TB suspects with severe mental illness were transferred to this hospital for further diagnosis of TB. The diagnosis of patients with mental illness followed the Chinese Classification of Mental Disorders Version 3 (CCMD-3), Diagnostic and Statistical Manual of Mental Disorders (DSM) and International Classification of Diseases (ISD) [14, 15] , and the individuals with severe mental illness included six different types: schizophrenia, bipolar disorder, schizoaffective disorder, affective disorder, paranoid disorders and intellectual disability.
All the patients with severe mental illness were firstly scanned with computed tomography (CT), and those with radiological tuberculosis features were referred to Changping Hospital of Integrated Chinese and Western Medicine for further examinations as in-patients. Three sputum samples were collected in the morning, evening and on-the-spot from TB suspects, respectively. The sputum samples were then transported to Changping Tuberculosis Dispensary for laboratory examinations, including staining of TB smears for acid-fast bacilli (AFB), conventional cultures for M. tuberculosis, and GeneXpert (Fig. 1) . The definitions of confirmed TB cases and clinically diagnosed TB cases followed the National Guidelines on Diagnosis of Tuberculosis in China. The confirmed TB cases included the TB suspect with positive smear and/or culture results, while the clinically diagnosed TB cases were diagnosed on the basis of clinical and radiological indicators [16] . The demographic information was obtained by reviewing the medical record.
Laboratory examination
Fluorescent smear microscopy was performed directly on all samples as described previously [17] . In addition, two of three sputum samples from each patient, which had high positive grades of smear microscopy, and good quality, were selected for further solid culture. The sputum samples were homogenized and digested in Nacetyl-L-cysteine-NaOH-Na citrate (2.0% final concentration), and vortexed for 30 s. After incubation for 15 min at room temperature, the prepared sputum samples were neutralized with 45 mL of phosphate buffer (PBS, 0.067 mol/L, pH = 7.4), with subsequent centrifugation at 3000 g for 15 min. The supernatants were discarded and the precipitates were resuspended in 1 mL PBS. 0.1 to 0.15 ml of this suspension was inoculated onto modified Lowenstein-Jensen (L-J) medium according to the previous report [18] . All culture media were incubated at 37°C in an atmosphere of 5 to 10% CO 2 . All solid slants were tested either until found to be positive or for 8 weeks.
The clinical samples were also detected by GeneXpert, an automatic molecular test for MTB by amplifying an MTB specific sequence. For testing by the GeneXpert, the residual of each concentrated sputum sample was mixed with 2.0 mL GeneXpert MTB/RIF sample reagent, and incubated at room temperature for 15 min. 2.0 mL of the mixed sample was then transferred to a test cartridge and loaded onto the GeneXpert instrument. Results for the presence of M. tuberculosis were automatic generated by the instrument in approximately 120 min.
Results
Patients enrollment
A total of 251 TB patients with severe mental illness took part in this study, including 174 men (69.3%) and 77 women (30.7%). Subjects were between the ages of 19 and 79 years, with a median age of 43 years. The mean body mass index (BMI) analysis showed that 3.6% of patients had BMI values lower than 18.5, indicating wasting. The majority of patients was homeless (97/251, 38.6%), and the other 62 (24.7%) and 92 (36.7%) were from urban and rural region, respectively. In addition, the most frequently diagnosed mental illness was schizophrenia, accounting for 84.1% (211/251) of patients available for analysis; 4.8% (12/251) and 11.2% (28/251) of patients had bipolar disorder and other psychiatric diagnosis, respectively ( Table 1) .
Quality of sputum samples
During August 2010 and March 2013, the laboratory received 753 sputum samples collected from 251 diagnosed TB patients. We further assessed the quality of sputum samples. According to the National guidelines for TB laboratories from China Center for Disease Control and Prevention, the sputum samples were divided into salivary sputum, mucus sputum, bloody sputum and caseous sputum. As shown in Fig. 2, 76 .0% (572/ 753) samples used for bacterial examination were salivary sputum. Only 142 (18.9%) out of 753 sputa were classified as mucus sputum, which were qualified for microscopy and culture. In addition, we also observed 22 (2.9%) transparent samples with low viscosity, which were possibly water or urine. All these samples were submitted to sputum microscopy, mycobacteria culture and GeneXpert as previous described.
Results of laboratory examinations
As summarized in Table 2 , the laboratory performed 753 sputum smears, 502 solid cultures and 502 GeneXpert tests, respectively. Six out of 753 smears were positive, demonstrating a positive rate of 0.8%. Solid culture 
Discussion
In recent years, China meets the public health challenge from both tuberculosis and health illness [19, 20] . Previous literatures have demonstrated that rate of tuberculosis are higher in individuals with medical illness than in the general populations [6, 10] . Early diagnosis of TB cases among this high risk group will prevent potential sources of infection at the earliest possible time. Unfortunately, our data demonstrated that no more than 2.0% of tuberculosis cases with severe mental illness could be identified by laboratory examination, which was significantly lower than that among the general population (13.3% for smear, 26.9% for culture, and 31.9% for GeneXpert) in China (Fig. 3 ) [21] . There were several potential explanations for this finding. First, the rate of smear positive results is always lower in salivary specimens when compared with that in mucous ones [22] . However, three quarters of specimens collected in this study were qualified as "saliva". In addition, we also found that a small proportion (2.9%) of inappropriate specimens may be water or urine rather than sputum. Taken together, the high percentage of unqualified samples collected from TB patients with severe mental illness may be the major reason for the low detection rate of bacteriologically confirmed TB cases. Second, the policy of regular radiographic screening in the patients with mental illness was active and enhanced case finding strategy, and the TB patients could be diagnosed in the early active stage, which may be another factor contributed to the low proportion of patients with bacteriological evidence. Because the signs and symptoms of TB are shared with many other diseases, TB misdiagnosis is frequently observed in the clinical diagnosed TB cases [23] . Considering the diagnosis TB in mental disorders is predominantly based on chest radiography combined with clinical symptoms, it is essential to provide more reliable laboratory results for confirmation of the TB patients in this special population. On one hand, collection of qualified sputum samples from TB suspects were a major issue that should be taken into account. Unfortunately, persons with severe mental illness often exhibit poor social and cognitive functioning; it is possible that they are more likely to swallow sputum rather than expectorate it. Although the sputum induction, a technique for collecting sputum samples from lower airways by inhaling The negative solid culture results include culture-negative and contaminated results an aerosol of saline over different timeperiods, has been a useful alternative for improving the quality of sputum [24] , it is rarely used in patients with severe mental illness due to unexpected risk of medical accidents. Hence, the question becomes how to develop and utilize the new laboratory examinations based on other clinical specimens rather than sputum samples. When compared with sputum, urine is an ideal specimen type as it is non-invasive and easy to collect [25] . In addition, previous literatures have demonstrated that this matrix contains biomarkers and metabolites from systemic infectious diseases [26] . Recently, several commercial TB diagnostic kits are available to detect the presence of lipoarabinomannan (LAM) in urine, which is proposed as a promising biomarker for early detection of TB [25] [26] [27] . Preliminary evaluation results have demonstrated that these products have high specificity and moderate sensitivity detect TB in adults [26] . These urine-based assays therefore provide an available solution for informing on active TB disease among patients with severe mental illness. The homeless population is usually considered a group at high risk for TB infection [28] . Consistent to previous results, we observed that nearly 40% of TB cases were from homeless population with severe mental illness in this study. Given the relatively low proportion of homeless population in China, our data indicate that the homeless may be an important risk factor for TB in this special population. Due to the exposed constellation of risk factors and lack of seeking medical services, we hypothesized that TB in the homeless population with severe mental illness will represent an increasing public health concern. Hence, there is an urgent need to improve access to mental health care and housing for people with severe mental illness so that they less likely to become homeless and be vulnerable to developing TB. In addition, regular screening this population for TB may play an essential role in preventing TB transmission and morbidity.
We also realized several obvious limitations in this study. First, our results are limited by the small size of the sample. Because this study was performed in Beijing, a metropolis with low TB prevalence, there were less than 4000 new tuberculosis cases emerging in 2013 in the general population, which is associated with the small number of TB case herein. Second, the definition of tuberculosis case is majorly on the basis of the chest radiography and clinical symptoms. Therefore some patients misdiagnosed as TB may be enrolled in this research, which may disturb the analysis results. Third, pervious evidence reveals that about half of individuals with severe mental illnesses will develop a substance use disorder during their lives [29] , while the proportion of the patients who have a substance use disorder in this study was unknown. Forth, the absence of a comparison group was also another important limitation of our report. Nevertheless, this study represents the first systematic examination of the performance of routine TB diagnostic tools in a psychiatric population. In light of the poor performance of current laboratory methods and potential high TB prevalence among the patients with severe mental illness, our results highlight the current diagnostic dilemma of pulmonary tuberculosis among adults with severe mental illness.
Conclusions
In conclusion, our findings reveal that the current laboratory examinations based on sputum samples seem not to be suitable for the diagnosis of active TB in the persons with severe mental illness. The products using a 
